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Seasonal variation of atmospheric and terrestrial nutrients and their








45°06'W)is consideredan oligo-mesotrophicregionsubjecto a high averageannualprecipitation




nutrientsfromrain waterpresentsthefollowingseasonalvariations:DIN (0.1-21.0%), nitrate(0.06-
15.86%), phosphate(0.01- 2.75%), silicate(0.01- 0.50%); and the contributionfromriver
watersvarieswithinthefollowinglimits:DIN (0.02- 0.36%);nitrate(0.01- 0.88%);phosphate(0.01
- 0.11%); silicate(0.04- 4.70%). Prim~ productionin thisoligotrophiczoneshowedseasonalvariationswith upto 17.83mgCm-3h- in thewinterof 1992.Whenfertilizationcausedbythe
SouthAtlanticCentralWater(SACW,T-S characteristics-14°CandS -35.5PSU)intrusionoccurred
in the~ringof 1991,theaveragevalue(alldepths)ofprimaryproductionwassignificant(7.00mgCm-3h- ). Theatmosphericsourceofdissolvednitrogenouscompoundsi veryimportanttothisregion
onaccountofthehighpluviosityandthefactthatthisinputoccursdirectlyintothesurfaceseawater,
andthustotheeuphoticzone.
. Resumo:Em zonascosteirasoligotróficas,os aportesde compostosdissolvidosvia drenagem
continentale precipitaçãoatmosféricapodemmodificartemporariamenteas concentraçõesde certas
espéciesquímicasnaáguadomar,principalmenteossaisnutrientes,fornecendocondiçõespara uma
produçãoprimária"nova"do fitoplâncton.A regiãode Ubatuba(23°30'S-45°06'W)é considerada
oligo-mesotróficaepossuiumaprecipitaçãoanualmédiaalta(-2.000mm).Ospequenosriosquefluem
paraaEnseadadasPalmastemsuasvazõesrefletindoosciclosdeprecipitaçãol cal.As águasdosrios
e daschuvas,possuemconcentraçõesde nitrato,nitrito,amônio,fosfatoe silicatovariáveis,mas
freqüentementemaioresqueaquelasencontradasnaságuasdesuperficiedomar.Quandoconsideramos
o reservatóriototal de nutrientesna Enseadadas Palmas(volumetotal),em cadaperíodode
amostragem,pode-severificarquea contribuiçãorelativada águade chuva,apresentouvariações
sazonaisdentrodosseguinteslimites:NID (0,1-21,0%),nitrato(0,06- 15,86%), fosfato(0,01-






















Kflap et ai., 1986;Willey& Cahoon,1991).This
controlcouldalsobeatplayin coastaloligotrophic
areaswhererainfallishigh.





of nutrientsin the coastalzone,especiallywhere
thereisasignificantriverinflow.Thecontributioni
nitrate,phosphateandsilicateishighnearthemouth
of the largerivers,especiallythe pollutedones
receivingdomesticandagriculturaleflluents.
The Ubatubaregionis referredto as an




(Teixeira& Tundisi,op. cit.).The absenceof big
riversin thisregiontogetherwithhighprecipitation
leadsto atmosphericnputsbeingmoresignificant
than terrestrialinputsas a sourceof nutrients.
Additionalfertilizationeventsmayoccurfollowing
in~ion of the SACW (SouthAtlantic Central
Watef)'ontheplatform.WhentheSACW advances
over'"!h-r.B[aziliancontinentalshelf(CastroFilhoet
ai.,1987),it rea~hesin ~eUbatubaregionwithhi~loads of nutrlents(mtrate> 10 J.lIDoldm-)
origitiating&omti!eupwelledwaters(Braga,1995).
Theadvectionofthesewateris&omthenearbyopen




op. cit.,Braga& MUller,1998).Incursionsof the
SACW intotheshelfareaare&equentattheendof


















Study area, sampling and analytical
methods.
Palmas'Inletis a smallbay locatedonthe
northsideof AnchietaIsland,which lies in the
Ubatubaregion,i. e. in thesouthwesternsectorof
the South Atlantic (23°30'S - 45°06'W).The
volumeofthis Inletis approximately14.5x 106m3
andtheareais about2.9x 106m2. Seawatei',rain
waterandriverwaterweresampled(seeTable2)
duringfour seasonalperiodsin 1991and 1992.
Precipitationaciditymeasuremntswereperformedat
theNorthBase of theOceanographicInstituteof
São PauloUniversity(IOUSP). Each sampling
includedfourrivers(A, B, C, D) of AnchietaIsland





Fig. 1.Locationof samplingstationsin relationto the
riversA,B,C,DandtheIOUSPBase.
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The seawaternutrientsamplesweretaken









Tréguer& Le Corre(1975),utililizinga Technicon
AutoAnalyzer II@ system. Ammonium
concentrationsweredeterminedby thetraditional
colorimetricmethoddescribedin Tréguer& Le





immediatelyafter sampling (at IOUSP Base





1991 and 2,013mm in 1992.The monthly























chemicalcompositionin severalcities due to
anthropogenicnputs.The regionstudieddoesnot
have heavy industrialor agriculturalactivities.
There,a pHnear8 seemshigh,butit is reasonable
becauseof the.influenceof marineaerosol.ThepH
under8 canbeexplainedby thepresenceof weak
acids(organicacids)suchas aceticacidliberatedby















Fig.3. pH valuesof rainwaterin theseasonalperiodsin
1991and1992.
For 10monthsin 1977, Sequeira(1981)
observedthatweakorganicacidscontrolledthepH
ofraininAmericanSamoa.Weakorganicacidswere
responsibleforabout 60010of &00 acidity in
precipitationduringthe 1981-1982wet seasonin






ofrainin theseregions.It is difficulttoexplainthese
values without knowledge of the chemical
compoundsresponsiblefor therainfallacidity.To
determinethe contributionof variousatmospheric
processes considering the overall chemical
compositionoftherain,severalauthorshavepointed
outtheimportanceof collectingthesampleovera
short periodwithin a single precipitationevent
(Bakeret al.,1981;RaynorandHayes,1981).The











the_differentwashoutratios of each of the
constituents.For this reason,the valueof each
chemicalparametervarieswithinarainevent.In this













verified by the constantvaluesbelow 15 (i.e.
Redfieldratio),puttingin evidencethe nitrogen











a 24h periodaccountedfor lessthan0.05%of the
totalwatervolumeoftheInlet.
The integratedvalues of nitrogenous
compoundconcentrations(DIN) in thePalmas'Inlet
(Fig.7)werebelow2.0J1moldm-2,nitratebeingthe
dominant formo If we consider nutrient
concentrationstobeconstantin bothriverandrain
watersandalsoin theInletduringeachsampling
period,we can comparethe observednutrient
concentrationsin thePalmas'Inletwiththesein the
fteshwaterend-members.The total inputby rain






























of hygroscopicaerosols,suchasNaCI, to produce
nitrate(Cox;'1974).The enrichmentof nitrateof








Inlet,variedbetween:DIN (0.02- 0.36%), nitrate
(0.01- 0.88%), phosphate(0.01- 0.11 %) and
silicate(0.04- 4.70 %), asapercentageofthetotal
nutrientconcentrations(Fig. 10).Thereweresome
differencesin the individual nutrient river
concentrationsanda remarkablefluxof nitrogenous
compounds,phosphateandsilicatewereintroduced
by A, B andC rivers,in thewesternpartof the











severalseasons (Fig. 11) presenthigh values




broughtby SACW upwellingin the region,as
corroboratedbytheT-S characteristicsoftheshallow
stations(S - 35.5PSUandTO- 14°C,Fig.12)
and a high nitrateconcentration(> 10.00fJlIlol
dm3),producedby intensivenitrificationprocesses
occurred.alongthe trajectory over the platform
(Braga& Muller,1998;Braga,1995).
Theintensiverainfallwhichoccurredin the
winterof 1992(July) is an importantsourceof
nutrientsto supportheprimaryproductionas the
averageof nitrogenousnutrientsin theInletwater
waslowin thisperiod.In thecaseof thespringof
1992, thenutrientrain inputswerenot the only







processes.In relationto the solar radiation,the
valuesof total solarradiationduringsampling
periodsof primaryproductionexperimentsispresent





$t. NH.+ N02" NO; PO.3" 5i(OH). OIN:OIP $t. NH.+ N02" N03" PO.3- Si(OH). OIN:OIP
X; 50 . . . . . . . . . .
Summer1991 Summer 1992
1 1.25 0.12 0.28 0.06 0.3 27.5 1 0.41 0.12 0.18 0.16 1.7 4.4
2 0.25 0.06 0.44 0.07 0.4 10.7 2 0.00 0.01 0.02 0.18 4.1 0.9
3 0.26 0.07 0.43 0.11 0.4 6.9 3 0.29 0.15 0.05 0.16 1.6 3.1
4 0.36 0.07 0.43 0.07 0.9 12.3 4 0.62 0.17 0.43 0.18 3.9 6.8
5 0.46 0.08 0.52 0.07 1.0 14.7 5 0.09 0.11 0.49 0.19 3.2 3.6
6 0.31 0.08 0.12 0.12 1.0 2.3 6 0.23 0.12 0.08 0.17 3.3 2.5
7 0.55 0.07 0.23 0.15 2.8 5.7 7 0.24 0.12 0.08 0.16 5.1 2.8
8 0.31 0.08 0.22 0.10 0.5 6.1 8 0.45 0.11 0.09 0.14 6.1 4.6
9 0.34 0.08 0.00 0.00 0.7 5.3 9 0.42 0.14 0.06 0.23 4.3 2.1
..
X 0.45 0.08 0.30 0.08 0.9 10.2 X 0.31 0.12 0.16 0.17 3.7 3.5
50 0.31 0.02 0.17 0.04 0.8 7.6 50 0.19 0.04 0.17 0.03 1.5 1.7
Autumn1991 Autumn1992
1 0.53 0.32 1.58 0.21 3.0 1.1.6 1 0.96 0.05 0.61 0.34 9.4 4.8
2 0.58 0.20 0.65 0.32 2.0 4.5 2 0.76 0.05 0.45 0.14 3.5 9.0
3 0.38 0.22 1.62 0.17 1.8 13.1 3 0.95 0.07 0.73 0.31 6.2 5.7
4 0.43 0.16 0.26 0.14 1.7 6.1 4 0.19 0.08 0.52 0.72 4.5 1.1
5 0.53 0.16 0.30 0.10 1.5 9.9 5 0.17 0.06 0.52 0.26 4.7 2.9
6 0.46 0.18 0.35 0.16 1.0 6.2 6 0.23 0.12 0.08 0.17 3.3 2.5
7 0.50 0.32 1.48 0.27 3.6 8.5 7 0.24 0,12 0.08 0.16 5.1 2.8
8 0.43 0.28 2.03 0.16 2.0 17.1 8 0.45 0.11 0.09 0.14 6.1 4.6
9 0.41 0.21 2.00 0.10 2.5 26.2 9 0.42 0.14 0.06 0.23 4.3 2.7
X 0.47 0.23 1.14 0.18 2.1 11.5 X 0.49 0.09 0.35 0.27 5.2 4.0
50 0.07 0.06 0.74 0.07 0.8 6.8 50 0.32 0.03 0.27 0.18 1.9 2.3
Winter1991 Winter 1992
1 0.01 0.09 0.09 0.13 4.1 1.5 1 0.36 0.35 0.60 0.23 7.6 5.7
2 0.00 0.03 0.20 0.23 1.9 1.0 2 0.80 1.04 1.29 0.45 10.4 7.0
3 0.05 0.03 0.26 0.15 3.6 2.3 3 0.56 0.20 0.65 0.28 6.0 5.0
4 0.04 0.00 0.49 0.15 3.9 3.5 4 1.01 0.40 0.89 0.37 8.0 6.2
5 0.01 0.00 0.06 0.11 3.6 0.6 5 0.42 0.27 0.50 0.31 11.7 3.8
6 0.03 0.04 0.48 0.16 3.7 3.4 6 0.71 0.41 0.53 0.49 6.9 3.4
7 0.00 0.04 0.37 0.17 2.3 2.4 7 0.87 0.25 0.95 0.39 6.7 3.0
8 0.00 0.08 0.00 0.19 4.7 0.4 8 0.87 0.23 0.74 0.45 10.1 4.1
9 0.00 0.04 0.00 0.17 3.4 0.2 9 0.47 0.14 0.22 0.31 6.5 2.7
X 0.02 0.04 0.22 0.16 3.5 1.7 X 0.67 0.37 0.71 0.36 8.2 4.5
50 0.02 0.03 0.20 0.03 0.9 1.3 50 0.23 0.27 0.31 0.09 2.0 1.5
Spring 1991 Sprlng 1992
1 0.00 0.17 0.00 0.17 3.4 1.0 1 0.15 0.10 0.11 0.38 3.8 1.0
2 0.07 0.21 1.07 0.29 4 4.7 2 0.19 0.09 0.26 0.34 1.0 1.6
3 0.02 0.22 0.03 0.16 3 1.7 3 0.11 0.07 0.31 0.24 6.0 2.0
4 0.02 0.17 0.03 0.24 3.6 0.9 4 0.17 0.11 0.79 0.35 1.8 3.0
5 0.03 0.24 0.01 0.18 4.7 1.6 5 0.00 0.07 0.43 0.28 2.0 1.8
6 0.06 0.17 0.00 0.24 3.4 1.0 6 0.00 0.10 0.28 0.32 1.9 1.2
7 0.07 0.15 0.00 0.28 3.5 0.8 7 0.04 0.07 0.14 0.20 3.1 1.3
8 0.03 0.15 0.00 0,26 12.6 0.7 8 0.06 0.09 0.31 0.52 3.7 0.9
9 0.00 0.00 0.40 0.29 3.7 1.4 9 0.04 0.12 0.26 0.34 2.1 1.2.
XX 0.03 0.16 0.17 0.23 4.66 1.5 0.08 0.09 0.32 0.33 2.8 1.6
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Table2. Primaryproductionin the seasonalperiodsat
somesurfacepointsinPalmas'Inlet.



























Fig. 12.T-S diagramin Spring 1991.
34 36 37
1991 1992
Seasonalperiods Stations PP* Stations PP*
Summer 1 5.63 1 8.44
7 4.76 7 11.18
8 4.13 8 12.96
9 4.68 9 1.74
Autumn 1 5.65 1 4.00
3 , 3 1.26
7 11.34 7 14.16
8 11.09 8 6.05
9 7.09 9 9.92
Winter 1 3.40 1 14.96
3 10.93 - -
7 2.58 7 15.41
8 2.66 8 17.83
9 3.77 9 14.39
Spring 1 7.11 1 12.15
3 5.28 3 5.91
7 7.82 7 16.19
8 9.10 8 16.27
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to the timevariationsthatoccurin the chemical






andtheir influenceon the biologicalprocessesis
associatedto other factors like climatological
conditions,winds, turbulence,the pluviometric
index, solar radiation, kinds of biological
populationsandothers.
Conclusions
The Ubatubaregion is representativeof
oligo-mesotrophiconditions in that primary
productionisregulatedbyatmosphericandterrestrial
inputsof nitrogenousnutrientsmostof the time,
whileoccasionalbloomsof phytoplanktonmaytake
placeat timesof penetrationof theSouthAtlantic
CentralWater(SACW) overthe continentalshelf.
This work has highlighted the significanceof
atmosphericnputsin thenitrogenousnutrientmass
balanceofthiscoastaloligotrophicsystem.
The input of dissolved nitrogenous
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